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INTRODUCTION

In the late 1980's, the Wisconsin Department of Trangportation (WisDOT) saw an increasing demand
by eected officids and from the public for noise barriers dong the Milwaukee area freeway system. Up
until that time, WisDOT had built several noise barriers out of various materids. Barriers had been
congtructed out of wood, metal, and concrete with a number of different surface textures and finishes.
Although effective in reducing freeway noise, the barriers were quite expensive and reaction to their
aesthetic gppearance was mixed at best. Many residents complained that the barriers resembled prison
wadlls or indugtrid warehouses. Landscaping efforts were fairly effective inimproving their aesthetic
appearance, but also increased the cost of barrier projects.

Alsointhelae 1980's, WisDOT became aware of “living” noise barriersin use in Germany, Denmark,
and the Netherlands. These barriers consisted of a composite retaining wall section made of two
“fences’ of woven live willow branches with arich organic soil filling the void between the fences. After
afew months, the willow branches would “green out” and eventudly look like atall hedge.

After further investigation and correspondence with German colleagues, WisDOT determined that it
would be worthwhile to undertake a study to determineif “living” noise barriers could be a maintainable,
cost-effective, and aesthetically pleasing dternative to standard post and panel type noise barriers.

Following the decision to proceed with this study, the City of Milwaukee requested that WisDOT
construct a demondration living noise barrier within the city limits. Considering both loca and
departmenta support, WisDOT Didtrict 2, Waukesha, procured the consulting services of Howard,
Needles, Tammen, and Bergendoff (HNTB) to undertake a 2-phasad investigation of living noise
barriers.

FEASIBILITY STUDY

Phase One of the investigation was to conduct aliving noise barrier feasibility study. This study was to
evauate exiging living noise barrier systems, determine vegetation types suitable to the locd dlimate and
freaway conditions, consult with public agencies to determine their experiences with living barriers, and
determine if ademondtration living noise barrier project would be feasible.

The study was concluded in the summer of 1993, and determined that a demondtration living noise
barrier project would be feasible. It also recommended that an existing system called "Recywall” be
used to congtruct the barrier. This system was selected for its ease of congtruction, use of recycled
materids (plastic), minimal base width requirements, and optimum water collection compared with other
sysems.

Recywdl isasoil retaining structure made from recycled plagtic. The interlocking vertical supports and
horizonta planks are put together on Site and progressively filled with soil. After the structure is erected,
the soil aress, or planting cdlls, are planted with vegetation which grows and eventualy coversthe
plastic framework.



A location was identified for the demonstration project aong the west sde of 1-94, north of College
Avenue in Milwaukee Wisconan. A length of 158 meters (520 feet) of living barrier would be
constructed at the south end of a 573 meter (1880-foot) standard post and pand noise barrier. The
project location is shown in Figures 1 and 2 (pages 14 and 15) and the preliminary conceptual design is
shown in Figure 3 (page 16).

The origind willow branch system was dropped from consideration early in the sudy. Thissysemis
very labor intensive to construct, would not accommodate barrier heights greater than 3.6 meters (12
feet), and would require willow tree resources which are not readily availablein this area.

BARRIER DESIGN AND CONSTRUCTION

DESIGN

Phase Two of the investigation was to prepare the contract document for the demonstration project.
This phase was performed by HNTB aff.

HNTB gaff prepared plans and specifications including foundation design, barrier profile, horizontal
adignment and planting plans. The manufacturer of Recywall, Sanders Enterprises, Inc. (SEI), prepared
the design and shop drawings for the plagtic sructure itsdlf.

The foundation design included a compacted sub-base, a geogrid, and 450 mm (18 in.) of crushed
aggregate. The foundation design alowed for dispersing the load of the vertical support members of the
barrier.

The bottom profile of the barrier was designed to follow the generd profile of the existing ground. The
barrier required aleve surface with severa 1-meter (3-foot) steps. The top profile of the barrier was
designed to reduce traffic sound levels behind the barrier by 8 decibels. The FHWA traffic noise
prediction modd, STAMINA, was used to obtain the required top eevations. The maximum height of
the structure was 6.4 meters (21 feet).

SEI’sfina design and shop drawing differed somewhat from the preliminary design. The base width of
the structure was reduced from 2.7 meters (9 feet) to 2.1 meters (7 feet) in order to match SEI's
standard mold and to save on materia costs. The dope of the face of the structure was also reduced
from 1:5.25 to 1.7 with severa sections having a vertica face. Figures4 and 5 (pages 17 and 18) show
thefind desgn.

WisDOT expressed concern regarding the steeper faces and reduction in base width since the ability of
the structure to collect rainfal was reduced by these changes. SEI was unwilling to revise the design of
the structure without substantia additional cost to WisDOT. Unable to provide additiond project
funding, WisDOT did not require that the revisons be made.

Another revison which SEI made to the prdiminary design was the remova of additiond materia from
theinterior of the vertical support members.



Also, SEI proposed that the plastic frame would be black. WisDOT preferred brown, but SEI would
not provide the brown pigment without substantial additiond reimbursement. The black color was
accepted after WisDOT determined that the cost of pigmenting the plastic was excessve.

The soil fill for the structure was specified as amixture of topsoil, sand, and peat mossina1:1:1 ratio by
volume. Leaf mulch was alowed as a subgtitute for peat moss.

Theorigina planting plan included various species of evergreen and deciduous shrubs, vines, roses,
ground covers, and herbaceous perennials (see Figure 6, page 19).

CONSTRUCTION

Initid Ste clearing and foundation preparation began on April 18, 1994. Thick shrubswhich were
blocking resdents view of the freeway required removad. Severd large trees were aso removed from
the ste. A number of trees were left in place between the barrier and the residences.

After the Site was graded, the geogrid and 450 mm (18 in.) of crushed limestone were placed. The
limestone was compacted with avibrating roller and leveled.

Assembly of the plagtic frame began on May 20, 1994. As each layer of the frame was assembled it
was filled with soil. The soil mixture was comprised of 70% topsoil and 30% pesat. The soil mixture
differed from the project specification but was acceptable to WisDOT and the SEI representative who
was on Ste to supervise the initid assembly of the structure.

Severd methods of compaction were investigated during the initid filling process. A jumping jack type
compactor was used and provided good compaction, but caused the horizontal plastic membersto
deform and bow outwards. A plate compactor was used at high intendity with smilar results. The
selected method was a plate compactor a low intendity. This method provided sufficient soil
compaction without deforming the plastic frame. This method was acceptable to WisDOT and the SEI
representative on-gte.

Assembly of the structure proceeded without difficulty and was completed in early June, 1994.

Congtruction activities are shown in Photographs 1 through 6 (pages 24 through 26). The completed
barrier is shown in Photographs 7 through 10 (pages 27 and 28).



BARRIER PERFORMANCE

INITIAL BARRIER PERFORMANCE

Structural

Two problems with the structure became gpparent very soon after its completion. The first was abulge
in the upper tiers of the northeast end of the structure. The second was the loss of soil from within the
sructure.

The bulge became gpparent after a plant watering. The upper 1/3 of the structure was somewhat
saturated after the watering. Severd days after the watering, it was discovered that the upper 1/3 of the
structure was bulging out gpproximately 200 mm (8 in.) towards the northwest side. Ongoing
measurement showed very little additiond movement of the structure. It was determined that the shifting
of the structure had stopped and there was no immediate concern that a structural failure would occur.
Periodic measurements continued, but no repair measures were deemed necessary.

The loss of soil from within the Structure was evident even as the assembly was completed. Soil began
faling out of the structure, over the top of the horizontal members, creating a domino effect in areas
abovethe origind soil loss point. See Figures 7 through 10 (pages 20 and 21).

Figure 7 shows a partial cross-section of the barrier as it was completed. As shown in Figure 8, the soil
on the inclined surface of some planting cells began faling out. The soil gradudly fell out of the front of
gpproximately 20-30% of the cells until the soil surface reached the angle of repose. Thisin turn alowed
s0il from behind the horizontal member above to begin faling out, undermining the next highest planting
cdl. Thisisillustrated in Figure 9.

Eventudly, whole sections of the structure were emptied of soil, and other sections were left with large
voids, as shown in Figure 10 and Photographs 11 through 14 (pages 29 and 30). The cdlls were refilled
but the same results occurred.

It was determined that the vegetation should be planted in hope that the plant cover and root system
would diminate the soil containment problem. This effort, however, was not effective and severa
hundred plants were lost. The plants ended up faling out of the structure dong with the soil.

In April, 1995, the horizonta members of the structure were retrofit with extensons, as shownin
Photograph 15 (page 30) and Figure 11 (page 22). The 150 mm (6 in.) wide plastic extensions alowed
the soil to St at the angle of repose while corfining the soil from the planting cdll above. This procedure
effectively diminated soil loss from the Sructure.



Vegetation

The structure contained 5419 cdlls for planting. Each individud cell measured approximately 914 mm (3
feet) wide by 200 mm (8 in.) high.

Panting began in early June of 1994, following the assembly of the structure. As noted eerlier, soil loss
was dready evident when planting began.

After severd days of planting, concern was raised by the supplier of the plants regarding the gppropriate
selection of species. The supplier believed that many of the plants originally specified were ingppropriate
because of the harsh conditions to which they would be exposed. Low moisture, strong winds, and the
possihility that much of the sail in the structure could freeze solid during the winter required selecting
hardier species than origindly specified.

Following consultation with the plant supplier, landscape contractor, WisDOT landscape architects, and
HNTB (the origind planting plan designer), the decision was made to substantialy revise the planting

plan.

A cooperative effort between those listed above and Didtrict 2 staff resulted in a more appropriate plant
selection and design for the structure. Figure 12 (page 23) shows the revised plant selections.

Panting activities resumed in mid- September and were completed by the end of October, 1994.
Weather conditions and temperatures were favorable and there was only minima difficulty completing
the planting, except for the soil loss problem which was not corrected until the following spring.

Many of the plants were in adormant state when planted. Most plants which were not dormant
appeared hedthy and readily recovered from the shock of transplant. A tota of 13,877 plantswere
planted in the wall during the fall of 1994.

YEAR ONE ASSESSMENT

During the later summer of 1995, the performance of the structure was evauated. Durability of the
plastic/soil structureitself and the condition of the vegetation were the mgjor items eva uated.

Structural

Severd gructurd concerns were identified during the first year of operation. These included bulging in
the structure, soil loss, deflection of horizontal members, deflection of vertical supports, leaning of the
entire structure, and breakage of individua plastic members.

Bulging towards the northwest side of the structure was discussed earlier in this report. Periodic
measurements continued to show negligible additiona deflection.



Sail loss from the structure was dso discussed earlier in this report. The plagtic extensons which were
atached to the horizontal members effectively diminated soil 1oss from the planting compartments.
However, cracks became evident in asmdl number of the plastic extensions and severd of the screws
which were fastening the extensions came loose from the horizontal members. This did not gppear to be
aggnificant concern and required only that the extensions be replaced or refastened.

A smadl amount of deflection or warping in the horizonta members was visble. This was due to the
flexible nature of the recycled plagtic itself and was expected to occur. There was little concern that this
would have a detrimentd effect on the Structurd integrity of the barrier.

Deflection in the vertica supports was dso visble. The individua supports appeared to be warping from
the latera force of the interlocking horizontal members. At the completion of construction the stacked
vertical supports werein atrue vertica postion. After one year, the stacked supports gppeared snake-
like, curving from side to sSde. The degree to which this distortion had occurred varied throughout the
structure.

In addition to the distortion of the individud vertica supports, large sections of the structure were
leaning toward the northeast. In some sections, the vertica supports were out of plumb by as much as
325 mm (13 in.) when measured from the top to the bottom of the structure. There was little concern
that the structure would tip over, since the northeast end of the structure butted up againgt alarge
concrete post for the standard post and panel noise barrier to the north.

The last structurd concern was the bregkage of part of one horizonta member. The interlocking tab
which holds the horizonta member to the vertica support had broken off. The horizontal member
remained in place dthough it was not interlocked with the vertical support.

Of greater concern was the physica make-up of the broken horizonta member. At the place of the
break, the interior was dmost entirdly devoid of plastic. Apparently, alarge air bubble had settled in this
location during the fabrication process. Approximately 6.3 mm (1/4-in.) of solid plastic made up the
exterior of the 50 mm (2-in.) thick section. Another 6.3 mm (1/4-in.) was made up of very porous
plastic between the solid plagtic exterior and the air bubble. The member was structurally incapable of
handling the applied forces. Photographs 16 and 17 (page 31) show the broken section of the horizonta
member.

In an effort to investigate whether other structurd members had similar fabrication defects, severd
horizonta members which were left over from construction were sawed into smal sections. No other
defects were found.

There was concern that the distortion of the vertica members, leaning of the structure, and breskage of
the individua members could continue, possibly causing a structurd failure. No remedid actions were
recommended following the first year review. However, it was recommended the structure be closdy
monitored for any additional movement, distortion, or breskage.



Vegetation

Approximately 4900 plants did not survive the first growing season (spring to fall of 1995). In fact,
about haf of these never even sprouted in the spring of 1995. An additiona 2400 plants required
replacement after they fdl out of the structure due to the soil containment problem discussed earlier in
this report.

Maor concerns which were identified during the first growing season were the structure s inability to
capture rainfall and retain moisture, watering difficulties, weed competition, and plant mortdlity.

The design of the structure was not conducive to capturing enough rainfal to support plant life. Only
amall areas of the doped sections captured rainfal during calm conditions. When the wind blew towards
one Sde of the structure, the Sde facing the wind retained some rainfall but the opposite Sde remained
dry. The vertica sections of the wall received only minimd rainfal and only when there was a strong
wind-driven rain.

When rainfdl did reach the soil surface, amounts were rarely sufficient to achieve soil saturation at
substantial depths. The upper and lower 1/3 of the wall captured and retained more moisture than the
middle 1/3.

Since rainfall did not provide adequate moisture, watering was required to keep the vegetation dive.
The mogt critica time for watering was during the spring when the newly planted vegetation was
sprouting.

A decison was made during the feasibility study phase of this project to forego an irrigation system
because its incluson would make living noise barriersimpractica in Wisconsin due to continued

mai ntenance responsibilities and costs. Since there was no accessible water source near the structure, a
water truck was needed to provide an adequate supply of water.

Watering the plants was the responsihility of the landscape contractor for the first two growing seasons.
However, the contractor was seldom responsive to requests for watering made by WisDOT gaff. The
methods used by the contractor were seldom effective, since only the surface of the soil was wet and
saturation to asubstantia depth was not achieved. Much of the watering was done during the middle of
the day when most of the moisture evaporated.

Plant losses were approximatdy 35% during the first year, due largdly to the lack of sufficient moisture.
Severd entire species which were planted as smdl cuttings or root stock never sprouted. This may adso
be attributed to the harsh conditions during the first winter or possibly to immeaturity of the root stock at
the time of planting.

Severd species which performed exceptiondly well during the first year included: Sedum (al species),
Phlox, Fragrant Sumac, Alpine Current, Engelmann lvy, Lamium, Artemesia, Daylily, and some Hostas.
Species which survived but were not thriving included the grasses, Solidago, Y arrow, Boston 1vy,



Bitterswest, Arctic Willow, Common Snowberry, Cord Berry, Adtilbe, Fleece Flower, and some
Hostas. The rest of the species performed very poorly or never sprouted.

Weeds sprouted and took over many of the planting compartments where plants did not sprout or
where they were not thriving. The additional competition of the weeds crowded out many of the less
hardy plants. The entire structure was weeded once during the first year. This was not enough to control
the prolific weed growth and many sections of the structure became overgrown with weeds.

Replacement planting took place during the summer of 1995. The species which were established and
performed generally well were replaced, in kind, when individua specimens died. Species which did not
perform well were replaced with ether Sedum species or Lamium, both of which performed well during
the first growing season.

The overall aesthetic gppearance of the structure varied from section to section and was aso dependent
upon the distance from which it was viewed. A close-up view reveded the weed domination in certain
sections, whereas the wall was attractive in sections where certain planted species were doing well.
Especidly attractive were areas planted with Sedum, Phlox (when in bloom), Fragrant Sumac, or Alpine
Current. A view from 30-60 meters (100-200 feet) away revealed a sparse vegetation cover. The
black plagtic framework was vishble and the vegetation was not dense enough to screen it from view.
Ironically, sections which were severely overgrown with weeds were mogt attractive from afar distance.
These areas were green and the dense cover screened the plastic frame from view.

Public Per ception

Initial public opinion of the project was positive, as was media coverage and political support. As
construction progressed, severa neighbors started to becomeirritated at the constant dust blowing from
the wall. When the weed growth became visble, severd neighbors became disgruntled with the
progress of the project and developed an increasingly negative opinion.

The media provided positive newspaper articles and interviews when construction began on the wall.
After the spring of 1995, when the media became aware of plant losses, weed problems, and soil
containment problems, coverage became increasingly negative.

YEAR TWO ASSESSMENT

Periodic monitoring of the structure continued throughout 1995 and through the summer of 1996. The
gradual deterioration of the plastic frame and poor condition of the mgority of plants became mgor
concerns by the end of summer, 1996.

Structural

Asearly as May of 1996, it became evident that the recycled plastic frame was not performing as
expected. The vertica supports and horizontal members continued to deform. The verticd supports
became increasingly curved and snake-like. See Photographs 18 and 19 on page 32. The horizontal
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members were becoming increasingly warped under the weight of the soil. The deformation was worse
on the southeast side of the structure, athough the northwest sde was visibly deformed aso. The
southeast Sde was exposed to much more sunlight and higher temperatures than the northwest side.

Breaks in more of the plastic members were aso observed. The sections of the vertical supports which
directly supported the horizontal members began to shear off. After the supports sheared off, the
horizonta members would fal onto the next lower level. In one locdized section, severd supportsin a
row broke off and two of the horizontal membersfell off of the structure. The soil then began falling out
from the interior of the structure onto the ground. This localized breskage progressed until there was a
hole in the structure measuring approximately 4 meters (13 feet) x 2 meters (6.5 feet), and much of the
soil which had filled that areawas piled at the base of the structure. See Photographs 20 through 24
(pages 32 through 34).

Breskage of vertica supports and the ends of horizonta members was evident at random locations
throughout the structure, but dmost dl were on the southeast Side. It was apparent that the plastic frame
was progressively deteriorating at an accel erated rate.

The plagtic extensons to the horizonta members were cracking and mary of the fasteners were pulling
out (Photograph 25, page 34). When the extensions cracked or separated from the horizontal member,
the soil would again begin faling out. This resulted in many smal soil voids throughout the structure.

The soil core of the structure gppeared to be drying out and some shrinkage in the soil masswas
evident. When digging back into the soil mass a dight separation between the soil and sections of the
vertical supports could be felt. The soil felt dry and, in the area where several supports had broken, the
ingde of the soil mass was observed to have alow moisture content.

At dmogt al shear and breakage locations, air voids and porodty were observed in the interior of the
plastic members. Some of the members had aslittle as 6.3 mm (1/4-in.) of solid plastic around the
periphery, with the remainder of the section made up of an air bubble or very porous plastic. Thiswas
the mgor cause of these failures and points to aquaity control problem during manufacturing.
Photographs 26 and 27 (page 35) show a sheared off portion of avertical support.

WisDOT began developing repair aternatives and considering whether to continue the experimenta
project. As early as August, 1996, there was concern that the structure would continue to deteriorate
and was beyond repair.

Vegetation

A spring, 1996 assessment of vegetation surviva was positive. On the southeast Side of the wall, most
species, including replacements, were sprouting and showing signs of new growth. The vegetation on the
northwest sde was dower to respond due to the minimal sun exposure. However, as pring progressed,
most plants began sprouting .



By late June the condition of the plants had deteriorated significantly. Only 40-50% of the plants were
dive and very few of those were thriving. The spring of 1996 wasfairly dry and the rainfal which did
occur rardly made it into the planting cells. The landscape contractor responsible for care of the plants
was not observed watering during the spring or summer. Lack of moisture appeared to be the cause of
poor vegetation performance.

Weed growth continued to be a problem. Prolific weed growth was observed throughout the planted
aress. One section of the wall where anumber of Sedum species were actudly thriving became so
overgrown with weeds that the Sedum species were not visible. The contractor responsible for weeding
informed the WisDOT that his personnel could not work on the structure due to its structurd ingtability.

Weed growth on the residential side was very disturbing to some of the resdents. Aestheticdly, it was
unacceptable and they were dso concerned that the weeds would invade their lawns.

There were severd species that continued to perform well. Sedum species which had survived through
the first growing season continued to do well, unless they were totaly overgrown with weeds. Sedum
was planted mostly in the upper hdf of the structure and only on the southeest (freeway, sunny) side.
Phlox Subulata performed well in the spring, but was damaged by the continudly dry conditions.
Fragrant Sumac planted in the lower 1/3 on the southeast Side also performed well.

On the northwest Side (shady, resdentid), the Englemann lvy and Alpine Current performed very well.
These were planted mosgtly in the lower 1/2. Mogt of the Hostas and Daylillies that survived the first
growing season continued to live, but were not thriving. Photographs 28 through 31 (pages 36 and 37)
show the vegetation growth during the summer of 1996.

Public Per ception

Public opinion of the project continued to deteriorate during the summer of 1996. Some residents were
very dissatisfied with the generd gppearance, the extensive weed growth, and the dust which had been
blown into their homes.

Media coverage became increasingly negetive and focused on the residents complaints as well asthe
additiona costs of plant replacements and Structurd repairs.

STRUCTURE COLLAPSE

In late August, 1996, a portion of the structure collapsed. Thetop 1.8 to 3 meters (6 to 10 feet) of the
northeastern-most 30 meters (100 feet) fell off into the ditch next to the freeway. This appeared to be a
very sudden collapse, athough there were no witnesses. Two weeks after the initial collgpse, an
additional 30 meter (100-foot) section collgpsed into the ditch as well. The collapsed sections are
shown in Photographs 32 and 33 (page 39).
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Severd ingpections of the collapsed area were conducted to determine the cause. Staff from the
FHWA, HNTB, and WisDOT andyzed the collgpsed area and the remaining sections which were ill
ganding.

Upon ingpection, many of the vertica support members gppeared to be torn in hdf, indicating that the
cause of the collapse was directly related to failure of the plastic support system. However, severd
contributing factors were identified:

Porosity and large air bubbles were evident in amost dl of the broken plastic support members. A
lack of quaity control during the manufacturing process may have caused thisto occur. The strength
in the air bubble areas was greatly reduced and these sections were more susceptible to faillure than
the rest of the members. Broken sections showing air bubbles and porosity are shown in
Photographs 34 and 35 (page 39).

Soil voids reduced the bearing capacity in the middle third of the structure. Since the soil and plastic
frame were designed to work as one system, the support strength was grestly reduced after soil in
the mid- section began fdling out. Only the plastic framework was |ft to support the upper section
of the soil core. This contributed to the excessive deformation and ultimate failure of some of the
plastic supports.

The moisture content in the soil core was very low, causing the entire core to shrink. As the sol

core shrunk and consolidated, lateral support for the vertica members, provided by contact with the
surrounding soil mass, was grestly reduced. The downward force of the soil mass continued to be
gpplied to the horizonta planks, which were attached at each end to the vertical members. This
resulted in the movement and deformation of the verticd members, causing them to gppear “ snake-
like” and out of plumb, instead of straight and vertical. This also may have caused excessive stresses
to be applied to the plastic framework contributing to the fallure.

High temperatures caused by the sun appear to have contributed to the weakening of the plastic
framework. Deformation of the plastic was much more extensive on the sunny side than on the
shaded Sde, and breakage of the horizontal members occurred only on the sunny side. The black
plastic was warm on sunny winter days and was very hot on sunny summer days. The temperature
of the plagtic on the shaded sde remained at approximately the same temperature asthe air.

The WisDOT, in consultation with the FHWA, decided to discontinue the living noise barrier project
following the second collapse. On September 30, 1996, contractors for the WisDOT began removing
the remaining plagtic framework and shaping the soil into an earth berm. Most of the plants were logt.
However, approximately 200 shrubs were salvaged and planted on the berm.

Severd attempts were made to contact the manufacturer during this period of time. Severd |etters from
attorneys representing SEI were recaived, informing the WisDOT that the corporation had filed for
bankruptcy and had been dissolved .

PROJECT COSTS
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The fina project costs are shown below:

STRUCTURAL ITEMS:

Recywadl frame and soil core $ 225,837.30
Geo-grid Reinforcement 3,978.31
Attachment to Post & Pand wall 1,374.90
Horizontal Plank Extensons 54,712.30
TOTAL STRUCTURAL COST $ 285,902.81
TOTAL VEGETATION COST +$ 109,981.43
TOTAL COST $ 395,884.24

TOTAL COST PER SQ. METER= $415.00 ($38.55/SQ. FOOT)

Over the last decade, the cost for standard post and pand noise barriers in Wisconsin has averaged
approximately $168.50 per square meter ($15.65 per square foot).

OBSERVATIONS & CONCLUSIONS

1. The geometric design of the Recywall was not conducive to capturing sufficient rainfdl for hedthy
plant growth. Steep side dopes prohibited moisture from entering the planting compartments.

2. Thedesgn of the plagtic framework was not sufficient for holding the soil corein place. The inability
of the framework to retain the soil led to large voids in the soil core. The voided areas may have
been a contributing factor to the structurd failure,

3. Therecycled plastic members contained internd air bubbles and porosity. Areas which failed were
observed to contain excessive amounts of air voids instead of solid plastic. The lack of structurd
integrity of the material appears to be the mgor factor in the failure.

4. A mgority of plant species were unable to survive the harsh conditions to which they were exposed.
Extreme cold, wind, and lack of sufficient moisture did not dlow mogt plantsto survive.

5. From November to late June, there was no vegetation to hide the plastic framework. During more
than haf of the year there was no potentia for covering the unattractive frame.

6. Weed growth was excessive and could not be controlled without an extensive manpower
commitment. Weed growth was unattractive and unacceptabl e to the neighbors .

7. Severd plant species were hardy enough to survive the harsh conditions.
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8. Thecos of the living noise barriers was 146% more than a standard post and panel type barrier.

SUMMARY & RECOMMENDATIONS

Living noise barriers are not codt- effective and should not be pursued by WisDOT. The extensve
commitment to maintenance activities, particularly watering and weeding, precludes using this type of
barrier on awidespread basis. Without such a commitment, the aesthetic gpped of aliving noise barrier
isminimd. Even with such acommitment, the aesthetic gpped would il be limited by the short growing
season in Wisconsin, Furthermore, the congtruction costs are excessive when compared with standard
post and pand noise barriers.

Based on the strength and temperature characteristics of plastic, WisDOT's experience with Recywall,

and other instances where plastics were used in astructura capacity, it is the recommendation that non-
reinforced plagtics, ther virgin or recycled, not be used as structura members of any kind.

13



Figure 1. General Location
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Figure 2: Specific Location

———

POST AND PANEL
NOISE BARRIER

LIVING NOISE BARRIER

15



KR man WS G O 040 WS

FFi1xsta ICION ONIATT-NOULDIT WoELL

A A U B ACETTTD T Al YL
Aclif FFAT Fosn AR U OV

|
—I- =T

Faliiy 4T 7 3 FRIT0 e -
T TN 2 TS0

—— _m.|L VAT Y
J o TN TS T e Pty A
J/UT.\U%E-\IIJIII[ PrS R PR E RN Lol l.m_...u_._u...._.____u.a,... 7ll. s o \ w hhhmﬂrk\_t.\ﬁ.lrlr.l. o
i cads A4 _.._,ﬂ.-_..u b | .__.Mw .
Jadcil BnADING Sz — .u o 2 _Lﬁw

f/fq Ehed ATC - TR AT
= praions Os ) WA 3R skl

_
NTRNEE A7 A mIPE AL TRatE I e Oae
IRl P ¥ Reid TONATRRD Ly DL LASIRATRE i

ATHARATIEF G2 T YT el
2 !
| {2 !
ST £ RS WD ol CRIAY T T & m
)
= [T Ny 37
ML AT 1T L IT D SYILES Y
KA DR - |
Lier?
SISO N TADEY A LK
i L. Hslﬁ\i.lmm_ﬂ_- A el A
Fid "STIPG P20V 3 _l| lllll ]
L5  paEd L i = 0% O £,5 e 3
T . ! shiw-
Tt Sall WY _ FRT NI A
THaCes # AW AC) WOHT ST SR efoe 350 ancir

ugisacq [enidaruoy AaeurunRpag ¢ Mndg



e b

il

A b
i - - e = Mk = E
(B8 - W e 0o Y mmas
Bimic P01 01 NERTTAW, ST i
S,

A — UL | —

17

UFISH(] [RINIINIG [eUL] f 21001




.:::1.3.____._. L n_|| |E‘ |
P Luwa e n

] = ; o

Ay

[[ETrhT -1 T aieew 1] FAE 3T 00
TI-ZU-ELT D1 AL TRINTEATR

- T M

- FIEIATET
el T
Rl LG =t H-LI-®' C
L TAeI HEILIFAT T Il T

.u.rw\ )
o TS
o I
S A

= AL T e R R o o
R AL e A Lo TR LT R T Tt TS
i L , .
p ] bt [ ; 1 ____
ez - ( n _ s
T R e R b e ey H L ' ._‘mm- zu.
....w [T A c ' ] S
- ¥ N
1
Y | ¥ a '
¥ ; - -~
H I ¢ o
v e o T ————r
._.m | = A_-.w TIRAN T RS IR 4 1 NOLTAE
1

| 2
: ]
§_ ]
o (T
|
O e
s
=g
L i
Coa
Ei j!

RIM(TUAY JEINJITURS JO UBISHT [PUL] G adndlf



Figure 6: Original Planting Plan
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Figure 10): Large Voids in Soil Core
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Figure 11; Stroctural Retrofit
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Fipure 12: Revised Flant Selections
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Photograph 1: Erecting vertical supportson top of a crushed limestone base.

Photograph 2: Placing horizontal planksinto vertical supports.
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Photograph 4: Compacting the soil core.
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Photograph 6: Thenortheast end of theliving noisebarrier, abutting a concrete post for a standard post
and panel noisebarrier.
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Photograph 8: Freeway view of thebarrier.
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Photograph 9: Winter view of residential side.
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Photograph 10: Winter view of freeway sice.
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Photograph 11: Lossof soil isevident along the bottom of horizontal members.
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Photograph 12: Large soil voidsoccurred throughout the structure.
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Photograph 15: Horizontal memberswith retrofitted extensions.




Photograph 16: Air bubblesand porosity areevident in a broken horizontal member.

Photograph 17: Air bubblesand porosity are evident in a broken horizontal member.
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Photograph 18:

Photograph 20: Sectionsof thevertical supportswhich held the horizontal membersin place  began
to break off.
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21: Sections f theverltical supportswhich held
the horizontal membersin place began to
break off.

Photograph 22: After thevertical supportsbroke, the
horizontal member s began to fall out.




Photograph 25:

Asthevertical and horizontal members deformed, the plastic extensions began
breaking away from the horizontal members.




Photographs 26 & 27: Theinterior of this
piece of a vertical support doesnot contain
any plagtic. The plastic around the peri-phery
contains many small air bubbleses.




ol ol

Photograph 29: Vegetation growth duringthe summer of 1996.




Photograph 30: Vegetation growth during the summer of 1996.

Photograph 31: Vegetation growth during the summer of 1996.
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Photograph 33: Collapsed section of the barrier.
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Photograph 35: Largeair bubblesand porous plastic were evident in the broken plastic frame.




